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(54) Method and apparatus for recording information on erasable-type optical disc 



(57) First data is divided into second data and third 
data which are equal in data rata The second data and 
the third data are fed to first and second recording 
heads respectively. The second data and the third data 
are simultaneously recorded on the first and second 
recording surfaces of the optical disc by the first and 
second recording heads respectively in a zoned con- 
stant linear velocity technique in which each of the first 
and second recording surfaces of the optical disc is 
divided into zones, and the zones of the first recording 



surface and the zones of the second recording surface 
are grouped into pairs each having a zone of the first 
recording surface and a zone of the second recording 
surface which are opposite to each other. In addition, 
the second data and the third data are simultaneously 
recorded on zones in a pair respectively while the first 
and second recording heads are moved in opposite 
directions respectively. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

This invention relates to a method of recording information on an erasable-type optical disc or a rewritable-type 
optical disc having two recording surfaces. This invention also relates to an apparatus fa recording information on an 
erasable-type optical disc or a rewritable-type optical disc having two recording surfaces. 

10 

Description of the Prior Art 

Japanese published unexamined patent application 4-184782 discloses an apparatus which records and repro- 
duces information on and from an optical disc having two recording surfaces. During the recording and reproduction of 

75 the information on and from the optical disc, the optical disc is driven at a constant rotational speed. Each of the record- 
ing surfaces of the optical disc is divided into a plurality of zones having equal dimensions along a radial direction. 

In the apparatus of Japanese application 4-1 84782, first optical heads are assigned to the zones of the first record- 
ing surface respectively, and second optical heads are assigned to the zones of the second recording surface respec- 
tively. During the recording and reproduction of the information on and from the optical disc, the first optical heads move 

20 from outer edges toward inner edges of the respective zones of the first recording surface while the second optical 
heads move from inner edges toward outer edges of the respective zones of the second recording surface. Accordingly, 
the sum of the linear velocities of the first optical heads and the second optical heads relative to the optical disc remains 
approximately constant. 

The information recording and reproduction implemented by the apparatus of Japanese application 4-184782 use 

25 a ZCAV (zoned constant angular velocity) technique. 

In a typical ZCAV-based way of recording data on an erasable-type optical disc having two recording surfaces, a 
data transmission rate is changed from zone to zone to equalize recording densities of zones. Generally, a complicated 
process is necessary to implement the change of the data transmission rate from zone to zone. The data transmission 
rate related to an outermost part of the disc is considerably different from that related to an innermost part thereof. 

30 Accordingly, it is necessary to correct or vary a recording factor such as a recording pulse width or a recording laser 
power in accordance with a radial position of an accessed part of the disc. 

A phase-change-type optical disc belongs to the erasable-type optical disc family (the rewritable-type optical disc 
family). In the phase-change-type optical disc, recording conditions sensitively depend on the linear velocity of an opti- 
cal head relative to the disc. When recording conditions move out of a suitable range, information can not be correctly 

35 overwritten on an optical disc. In the case where information is recorded on a phase-change-type optical disc by a 
ZCAV technique, the linear velocity of an optical head relative to the disc at an outermost part thereof is considerably 
higher than that at an innermost part thereof. Accordingly, in this case, recording conditions related to the outermost 
part of the disc are greatly different from those related to the innermost part thereof. Thus, it tends to be difficult to main- 
tain recording conditions within a suitable range over the entire area of the disc. 

40 

SUMMARY OF THE INVENTION 

It is an object of this invention to provide an improved method of recording information on an erasable-type optical 
disc (a rewritable-type optical disc) having two recording surfaces. 
45 * It is another object of this invention to provide an improved apparatus for recording information on an erasable-type 
optical disc (a rewritable-type optical disc) having two recording surfaces. 

A first aspect of this invention provides a method of recording information on an erasable-type optical disc having 
first and second recording surfaces, the method comprising the steps of dividing first data into second data and third 
data which are equal in data rate; feeding the second data and the third data to first and second recording heads 
so respectively; and simultaneously recording the second data and the third data on the first and second recording sur- 
faces of the optical cfisc by the first and second recording heads respectively in a zoned constant linear velocity tech- 
nique in which each of the first and second recording surfaces of the optical disc is divided into zones, and the zones 
of the first recording surface and the zones of the second recording surface are grouped into pairs each having a zone 
of the first recording surface and a zone of the second recording surface which are opposite to each other, and in which 
55 the second data and the third data are simultaneously recorded on zones in a pair respectively while the first and sec- 
ond recording heads are moved in opposite directions respectively. 

A second aspect of this invention is based on the first aspect thereof, and provides a method wherein the second 
data corresponds to odd fields, and the third data corresponds to even fields. 

A third aspect of this invention is based on the first aspect thereof, and provides a method further comprising the 
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step of adding one out of information of absolute time and information of a frame order number to the second data and 
the third data before the second data and the third data are recorded on the optica) disc. 

A fourth aspect of this invention provides an apparatus for recording information on an erasable-type optical disc 
having first and second recording surfaces, the apparatus comprising first means for dividing first data into second data 

s and third data which are equal in data rate; first and second recording heads; second means for feeding the second 
data and the third data to the first and second recording heads respectively; and third means for simultaneously record- 
ing the second data and the third data on the first and second recording surfaces of the optical disc by the first and sec- 
ond recording heads respectively in a zoned constant linear velocity technique in which each of the first and second 
recording surfaces of the optical disc is divided into zones, and the zones of the first recording surface and the zones 

10 of the second recording surface are grouped into pairs each having a zone of the first recording surface and a zone of 
the second recording surface which are opposite to each other, and in which the second data and the third data are 
simultaneously recorded on zones in a pair respectively while the first and second recording heads are moved in oppo- 
site directions respectively. 

A fifth aspect of this invention is based on the fourth aspect thereof, and provides an apparatus wherein the second 
15 data corresponds to odd fields, and the third data corresponds to even fields. 

A sixth aspect of this invention is based on the fourth aspect thereof, and provides an apparatus further comprising 
fourth means for adding one out of information of absolute time and information of a frame order number to the second 
data and the third data before the second data and the third data are recorded on the optical disc. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram of an A surface of an erasable-type optical disc according to an embodiment of this invention. 

Fig. 2 is a diagram of a B surface of the erasable-type optical disc in the embodiment of this invention. 

Fig. 3 is a block diagram of a recording apparatus according to the embodiment of this invention. 
2$ Fig. 4 is a diagram of the relation between the rotational speed of an erasable-type optical disc and the radial posi- 
tion of a currently-accessed part of the optical disc in the embodiment of this invention. 

Fig. 5 is a diagram of the relation between the linear velocity of an optical head relative to an erasable-type optical 
disc and the radial position of a currently-accessed part of the optical disc in the embodiment of this invention. t ... 

Fig. 6 is a diagram of the relation between the transmission rate of data recorded on the A surface of an erasable- 
30 type optical disc and the radial position of a currently-accessed part of the optical disc in the embodiment of this inven- 
tion. 

Fig. 7 is a diagram of the relation between the sector length (the mark length) in an erasable-type optical disc and 
a racial position on the optical disc in the embodiment of this invention. 

Fig. 8 is a diagram of an example of recording conditions of each zone on the A surface of an erasable-type optical 
35 disc in the embodiment of this invention. 

Fig. 9 is a diagram of an example of recording conditions of each zone on the B surface of the optical disc in the 
embodiment of this invention. 

Fig. 10 is a diagram of the relation between a frame order number T and a zone order number Y in the embodi- 
ment of this invention. 

40 Fig. 1 1 is a block diagram of a reproducing apparatus according to the embodiment of this invention. 
Fig. 12 is a flowchart of a segment of a control program for a CPU in Fig. 11. 

Fig. 13 is a flowchart of a segment of a control program for the CPU in Fig. 1 1 which can replace the control-pro- 
gram segment in Fig. 12. 

45 DESCRIPTION OF THE PREFERRED EMBODIMENT 

With reference to Figs. 1 and 2, an erasable-type optical disc (a rewritable-type optical disc) 10 has two recording 
surfaces, that is, an A surface and a B surface, pach of the A surface and the B surface has a spiral information track. 
Each of the A surface and the B surface is divided into N concentric annular zones, where N denotes a given natural 
so number equal to 2 or more. The A surface and the B surface are similar to each other in the designing of zones, a track, 
and sectors. 

For example, the erasable-type optical disc 10 is formed by bonding two sub optical discs together. In this case, the 
sub optical discs are of a same format, and each of the sub optical discs has a single recording surface. 

With reference to Fig. 3, a recording apparatus includes optical heads 1 1 and 12, a separator 13, buffer memories 
55 14 and 15. and recording units 16 and 17. An input side of the separator 13 is subjected to moving-picture data to be 
recorded. The separator 13 has two output sides followed by the buffer memories 14 and 15 respectively. The buffer 
memory 1 4 is successively followed by the recording unit 1 6 and the optical head 11. The buffer memory 1 5 is succes- 
sively followed by the recording unit 17 and the optical head 12. 

The moving-picture data is divided by the separator 13 into first data to be recorded on the A surface of the optical 
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disc 10 and second data to be recorded on the B surface of the optical disc 10. The first data and the second data are 
equal in data rate. Specifically, the moving-picture data is divided into data related to odd fields and data related to even 
fields. The odd-field data is stored into the buffer memory 14 from the separator 13. The even-field data is stored into 
the buffer memory 1 5 from the separator 1 3. 

5 The recording unit 1 6 reads out the odd-f ield data from the buffer memory 1 4, and converts the readout odd-field 
data into a form suited for the record on the optical disc 10. The recording unit 16 outputs the resultant odd-field data 
to the optical head 1 1 . The optical head 1 1 records the odd-field data on the A surface of the optical disc 10. 

The recording unit 1 7 reads out the even-field data from the buffer memory 15. and converts the readout even-field 
data into a form suited for the record on the optical disc 10. The recording unit 17 outputs the resultant even-field data 

io to the optical head 1 2. The optical head 1 2 records the even-field data on the B surface of the optical disc 1 0. 

The zones on the A surface and the zones on the B surface of the optical disc 10 are grouped into pairs each having 
an A-surface zone and a B-surface zone opposite to each other. An A-surface zone and a B-surface zone m each pair 
are simultaneously subjected to recording processes. The A-surface zone is scanned from an inner edge toward an 
outer edge thereof while the B-surface zone is scanned from an outer edge toward an inner edge thereof. Accordingly, 

is the direction of radial movement of the optical head 1 1 is opposite to the direction of radial movement of the optical head 
12. 

Alter the scanning of a B-surface zone is completed, the optical head 12 jumps from the inner edge of the B-surface 
zone to an outer edge of a next B-surface zone. On the other hand, the optical head 1 1 does not jump. The buffer mem- 
ories 14 and 15 are used to compensate for a difference in timing between odd-field data and even-field data which 

20 would be caused by a jump of the optical head 12. 

The recording of the odd-field data on the A surface of the optical disc 10 by the optical head 11 uses a ZCLV 
(zoned constant linear velocity) technique. During the ZCLV-based data recording, as shown in Fig. 4, the rotational 
speed of the optical disc 10 depends on the radial position of a currently-accessed part of the optical disc 10. In addi- 
tion, as shown in Fig. 5, the linear velocity of the optical head 1 1 relative to the optical disc 10 remains approximately 

25 constant independent of the radial position of a currently-accessed part of the optical disc 10. Further, as shown in Fig. 
6. the transmission rate of the odd-field data recorded on the A surface of the optical disc 10 remains constant inde- 
pendent of the radial position of a currently-accessed part of the optical disc 1 0. In addition, as shown In Fig. 7, the sec* 
tor length (the mark length) remains approximately constant independent of the radial position on the optical disc 10 
According to the ZCLV-based data recording, while a currently-accessed part remains in each of the zones on the 

30 A surface of the optical disc 10, the odd-field data is recorded on the zone by a CAV (constant angular velocity) tech- 
nique. Thus, as shown in Fig. 4, the rotational speed of the optical disc 1 0 remains constant while a currently-accessed 
part of the optical disc 10 continues to be in a same zone. In addition, as shown in Fig. 5, the linear velocity of the optical 
head 1 1 relative to the optical disc 10 increases in accordance with movement of a currently-accessed part of the opti- 
cal disc 10 from an inner edge to an outer edge of a same zona Also, as shown in Fig, 7, the sector length (the mark 

35 length) increases in accordance with movement of a currently-accessed part of the optical disc 10 from an inner edge 
to an outer edge of a same zone. 

Conditions of the scanning of each zone on the B surface of the optical disc 10 by the optical head 12 are deter- 
mined by the above-indicated conditions of the scanning of each zone on the A surface of the optical disc 1 0 by the opti- 
cal head 11. 

40 Fig. 8 shows an example of recording conditions of each zone on the A surface of the optical disc 10. Fig. 9 shows 
an example of recording conditions of each zone on the B surface of the optical disc 10. The zones on each of the A 
surface and the B surface of the optical disc 10 are given serial identification numbers (serial order numbers) of 1 , 2, 
• • • , N respectively. Accordingly, there is a sequence of a zone "I", a zone "2", • • • , and a zone "1ST on each of the 
A surface and the B surface of the optical disc 10. The innermost zone has an identification number "1" while the out- 

45 ermost zone has an identification number "N" (see Figs. 1 and 2). In Figs. 8 and 9, "z" denotes such a zone identification 
number (a zone order number). Circle-corresponding portions of the track on each of the A surface and the B surface 
of the optical disc 10 are given serial identification numbers (serial order numbers) of 0, 1, 2, 3, • • • respectively. 
Accordingly, there is a sequence of a circle-corresponding track portion "0", a circle-corresponding track portion T, a 
circle-corresponding track portion "2\ • • • on each of the A surface and the B surface of the optical disc 10. The inner- 

so most circle-corresponding portion of the track in the zone "1 " has an identification number "0". 

As shown in Fig/4, according to the ZCLV-based data recording, while a currently-accessed part remains in one 
zone, the data is recorded on the zone by a CAV (constant angular velocity) technique. As shown in Figs. 8 and 9, 
according to the ZCLV-based data recording, the amount (the number of bits) of recorded data per circle-corresponding 
portion of the track remains constant in one zone. In an inter-zone view, the linear velocity of the optical head 1 1 or 12 

55 relative to the optical disc 10 remains approximately constant independent of the radial position of a currently-accessed 
part of the optical disc 10. Accordingly, data recording and reproduction at a high constant transmission rate can be 
implemented over the entire area of the optical disc 10. Furthermore, even in the case where the erasable-type optical 
disc 10 is a phase-change-type optical disc, recording conditions can be surely maintained within a suitable range over 
the entire area of the optical disc 10. 
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An A-surface zone and a B-surface zone in each pair are equal in recording capacity. This enables simplification of 
the data dividing process executed by the separator 13. As previously descrtoed, the moving-picture data is divided by 
the separator 13 into the odd-field data and the even-field data. The odd-field data and the even-field data are simulta- 
neously recorded by the optical heads 1 1 and 1 2 on an A-surface zone and a B-surface zone in a pair respectively. Dur- 

5 ing playback, the odd-field data and the even-field data are simultaneously read out from an A-surface zone and a B- 
surface zone in a pair respectively, and the readout odd-field data and the readout even-field data are combined into 
the original moving-picture data, During playback, only one of the odd-field data and the even-field data may be read 
out from the optical disc 10. In this case, pictures corresponding to odd fields or even fields are reproduced. 

Each of the recording units 16 and 1 7 includes a microcomputer or a similar device which is programmed to super- 

10 impose at least one of absolute time information of every frame and information of a frame order number on the 
recorded moving-picture data. According to the ZCLV-based data recording, the recording capacity per circle-corre- 
sponding portion of the track varies from zone to zone. Thus, in some cases, recorded data corresponding to one frame 
overflows from one circle-corresponding portion of the track. A search for a head of a recorded program is implemented 
by a reproducing apparatus as follows. When a user designates a recorded program, a CPU in the reproducing appa- 

is ratus decides a frame order number or absolute time which corresponds to the head of the designated program. For 
example, the reproducing apparatus includes a memory storing information of the relation between a frame order 
number (or absolute time) and a head of each recorded program. The CPU accesses this memory and refers to the 
information of the relation in deciding the frame order number or the absolute time corresponding to the head of the des- 
ignated program. Then, the CPU calculates a zone order number (a zone identification number), a track order number 

20 (a track identification number), and a sector order number (a sector identification number), which correspond to the 
head of the designated program, from the decided frame order number or the decided absolute time. Subsequently, the 
CPU moves optical heads to positions corresponding to the calculated zone order number, the calculated track order 
number, and the calculated sector order number. In this way, the optical heads of the reproducing apparatus are moved 
to positions corresponding to the head of the designated program. 

25 An example of the erasable-type optical disc 10 has a diameter of about 120 mm and a recording area, extending 
between a radius of 24.5 mm and a radius of 58 mm. In addition, the example of the erasable-type optical disc 10 has 
a track pitch Tp of 0.75 urn. In the example of the erasable-type optical disc 1 0. the total number of circle-corresponding 
portions of the track on the A surface or the B surface is equal to 45,000. The each of the A surface and the,B surface 
of the example of the erasable-type optical disc 10 is divided into 15 zones each having 3,000 circle-corresponding por- 

30 tions of the track (see Figs. 8 and 9). Thus, the zone order number (the zone identification number) H z" is variable as 
1 szsi 5. Accordingly, there is a sequence of a zone "1 a zone "2", • • • , and a zone "1 5". The total number of sectors 
per circle-corresponding portion of the track is set as "2z + 19 H . Accordingly, the total number of sectors per circle-cor- 
responding portion of the track varies from zone to zone. Sectors in every circle-corresponding portion of the track are 
given serial identification numbers (serial order numbers) of 0, 1 . 2, • • ♦ , 2z+18 (see Figs. 8 and 9). Thus, there is a 

35 sequence of a sector "0". a sector "1 a sector "2\ • • • , and a sector "2z+1 8". 

When an NTSC television signal is digitized, digital data occurs at a rate of about 1 1 5 Mbps. In the case where the 
digital data is then compressed to about one fifth of the original data rate and error correction data is added to the com- 
pression-resultant data, the finally available digital signal has a data rate of about 31 Mbps. In addition, every frame rep- 
resented by the finally available digital signal corresponds to about 128 kilobytes (kB). The finally available digital data 

40 is recorded on the erasable-type optical disc 1 0 at a rate of about 64 kB per frame in connection with each of the A sur- 
face and the B surface of the optical disc 10. When the recording capacity per sector is set to 2 kB, the total number of 
sectors per frame is equal to 32. 

As shown in Fig. 8, odd-field data segments are recorded on each zone of the A surface of the erasable-type optical 
disc 10 in a given sequence from an inner part toward an outer part of the optical disc 1 0 according to frame order num- 

45 bers ( • • * f- 1 , f , f+1 , • * * ). As shown in Fig. 9, even-field data segments are recorded on each zone of the B surface 
of the erasable-type optical disc 10 in a given sequence from an outer part toward an inner part of the optical disc 10 
according to frame order numbers ( • * • M , f, f+ 1, * • • ). 

Now, the letter m z m , the letter "s*. and the letter T are used as indications of a zone order number, a sector order 
number, and a track order number which correspond to an A-surface position of a head of a recorded data segment 

so related to a frame order number T. The zone order number "z" is variable as z=1 , 2, • • • , N. The sector order number 
"s" is variable as 0£s<2z + 19. The track order number T is variable as 0*t. 

The A surface and the B surface of the erasable-type optical disc 10 are similar in formats of the sector order 
number and the track order number. The frame order number T is variable as Osf. As shown in Figs. 8 and 9, odd-field 
data segments and even-field data segments related to same frames are sequentially recorded on a pair of an A-sur- 

55 face zone and a B-surface zone on the erasable-type optical disc 10. 

A description will now be given of calculation of the zone order number "z\ the sector order number V, and the 
track order number T which correspond to the A-surface position of the head of the recorded data segment related to 
the frame order number V. 

The sum s1 of the sectors in the zone "1" to the zone "z-1 " is given as follows. 
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s1 = £3000(2k+19) , (1) 
k-1 

=3000(2 -1)(z + 19) 



In the case where the data segment recorded on the sector "0" in the A-surface zone "1" relates to a frame order 
number "a", the zone order number Y corresponding to the A-surface position of the head of the recorded data seg- 
ment related to the frame order number T is given by the integer part "int(w) w of the value "w" expressed in the following 
equation. 



3000(w - 1)(w + 19) = 32(f - a) + 1 (2) 

z = int(w) (3) 

When a = 0, that is. when the data segment recorded on the sector "0" in the A-surface zone "1 " relates to a frame order 
number "0*. the equations (2) and (3) provide the relation between the frame order number T and the zone order 
number Y corresponding to the A-surface position of the head of the recorded data segment related to the frame order 
number T. The relation between the frame order number T and the zone order number Y is shown in Fig. 10. The 
relation between the frame order number T and the zone order number ' Y depends on whether the recorded data con- 
forms to the NTSC system or the PAL system. 

In the case where the relation between the frame order number T and the zone order number Y is fixed as shown 
in Fig. 10, information representing this relation may be stored in a ROM within the recording apparatus or the repro- 
ducing apparatus. 

The number s2 of the sectors in the zone Y which store data segments up to the end data segment related to the 
frame order number "f-r is given as follows. 

S2 = {t-3000(z-1)}(2z+19) + s (4) 

The number s3 of the sectors storing the data segments related to the frame order number "0" to the frame order 
number "f-r is equal to the sum of the numbers s1 and s2. Therefore, in the case where the recorded data conforms 
to the NTSC system, the number s3 is given as follows. 



s3 = (2z + 19)t + s-3000z(z-1) (5) 
= 32f 

where 0*s<2z + 19. According to the equation (5), the sector order number "s" corresponding to the A-surface posi- 
tion of the head of the recorded data segment related to the frame order number T is given as follows. 

S = {32f + 3000z(z - 1)} % (2z + 19) (6) 



where "•••%•••" denotes the remainder in the division of the term preceding by the term following "%". Accord- 
ing to the equation (5), the track order number T corresponding to the A-surface position of the head of the recorded 
data segment related to the frame order number T is given as follows. 

t = {32f + 3000z(z - 1 ) - s}/(2z + 19) (7) 

The equations (6) and (7) are good in the case where the recorded data conforms to the NTSC system. 

A description will now be given of calculation of the zone order number Y, the sector order number V, and the 
track order number "tf which correspond to the B-surface position of the head of the recorded data segment related to 
the frame order number T. 

During the recording of data on the B-surface of the erasable-type optical disc 1 0, the accessed point on the B sur- 
face moves from the outermost part of the zone "1 " to the innermost part thereof, and then jumps to the outermost part 
of the zone "2" and moves from the outermost part of the zone "2" to the innermost part thereof. The subsequent zones 
"3\ m A\ • • • are similarly scanned. Fa example, the sector "20" in the circle-corresponding track portion with a track 
order number of 2999 in the B-surface zone "1 " stores a first data segment related to a frame "0". 

Conditions of data recorded on the zone Y in the B surface of the erasable-type optical disc 10 are such as shown 
in Fig. 9. The zone order number Y corresponding to the B-surface position of the head of the recorded data segment 
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related to the frame order number T is similar to the zone order number 9 z n corresponding to the A-surface position of 
the head of the recorded data segment related to the frame order number T. Accordingly, the zone order number V 
corresponding to the B-surface position of the head of the recorded data segment related to the frame order number T 
is given by the previously-indicated equations (2) and (3). 
s The sum s4 of the sectors in the zone "1" to the zone Y is given as follows. 



s4= £3000(2k+19) (8) 
k=1 

10 

The number s5 of the sectors in the zone "z" which store data segments starting from the start data segment related to 
the frame order number T is given as follows. 

15 $5 = (2z+19){u-3000(z-1)} + v+1 (9) 

The number s6 of the sectors storing the data segments related to the frame order number "0" to the frame order 
number "f -1 " is equal to the number s4 minus the number s5. Therefore, in the case where the recorded data conforms 
to the NTSC system, the number s6 is given as follows. 

20 

S6 = s4-s5 (10) 

s5-s6=32f r 

25 Using these equations provides the following relation. 

9000z 2 + 1 1 1000z - 57001 - 32f » (2z + 19)u + v (11) 

According to the equation (11), in the case where the recorded data conforms to the NTSC system, the sector order 
30 number V corresponding to the B-surface position of the head of the recorded data segment related to the frame order 
number T is given as follows. 

v = (9000z 2 + 111000z- 57001 -32f)%(2z +19) (12) - 

35 where " •••%••• M denotes the remainder in the division of the term preceding by the term following "%". Accord- 
ing to the equation (11), the track order number "u" corresponding to the B-surface position of the head of the recorded 
data segment related to the frame order number T is given as follows. 

u = (9000z 2 + 1 1 1000z - 57001 - 32f - v)/(2z + 19) (13) 

The equations (12) and (13) are good in the case where the recorded data conforms to the NTSC system. 

Generally, compressed PAL digital data is recorded on the erasable-type optical disc 10 at a rate of about 76 kB per 
frame in connection with each of the A surface and the B surface of the optical disc 10. When the recording capacity 
per sector is set to 2 kB, the total number of sectors per frame is equal to 38. In this case, the sector order number "s" 
corresponding to the A-surface position of the head of the recorded data segment related to the frame order number T 
is given as follows. 

s = {38f + 3000z(z - 1)} % (2z + 19) (14) 

so where " denotes the remainder in the division of the term preceding by the term following "%". In addi- 

tion, the track order number T corresponding to the A-surface position of the head of the recorded data segment 
related to the frame order number T is given as follows. 

t = {38f + 3000z(z - 1) - s}/(2z + 19) (15) 

55 

Further, the sector order number V* corresponding to the B-surface position of the head of the recorded data segment 
related to the frame order number T is given as follows. 



v = (9000z 2 + 1 1 1000z - 57001 - 38f) % (2z + 1 9) 



(16) 
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where r ...%... " denotes the remainder in the division of the term preceding by the term following "%". In addi- 
tion, the track order number V corresponding to the B-surface position of the head of the recorded data segment 
related to the frame order number T is given as follows. 

u = (90002 2 + 1 1 1000z - 57001 - 38f - v)/(2z + 19) (17) 

The equations (14), (15). (16), and (17) are good in the case where the recorded data conforms to the PAL system. 

The sector order number V and the track order number V corresponding to the B-surface position of the head of 
the recorded data segment related to the frame order number T can be calculated from the sector order number V 
and the track order number T corresponding to the A-surface position of the head of the recorded data segment related 
to the frame order number T . In this case, the sector order number V and the track order number "u" are given as 
follows. 

v = (2z + 19)-1 -s (18) 

u = 3000(22 -1)-1 -t (19) 

The equations (18) and (19) are good in the case where the recorded data conforms to the NTSC system or the PAL 
system. 

In the case where the recorded data conforms to the NTSC system, since one frame corresponds to an interval of 
1/30 second, the order number T of a given frame is expressed by absolute time (a-minute, b-second, c-th frame) 
thereof as follows. 

f = 60 • 30a + 30b + c (20) 

In the case where the recorded data conforms to the PAL system, since one frame corresponds to an interval of 1/25 
second, the order number T of a given frame is expressed by absolute time (a-minute. b-second, c-th frame) thereof 
as follows. 

f = 60 • 25a + 25b + c (21) 

When the equation (20) is used in the equation (6), the sector order number H s" corresponding to the A-surface 
position of the head of the recorded data segment related to the frame order number T is given as follows. 

s = {32(1800a + 30b + c) + 3000z(z - 1)} % (2z + 19) (22) 

where " •••%••• " denotes the remainder in the division of the term preceding by the term following "%". When 
the equation (20) is used in the equation (7), the track order number T corresponding to the A-surface position of the 
head of the recorded data segment related to the frame order number T is given as follows. 

t = {32(1 800a + 30b + c) + 3000z(z - 1 ) - s}/(2z + 19) (23) 

The equations (22) and (23) are good in the case where the recorded data conforms to the NTSC system. 

When the equation (20) is used in the equation (12), the sector order number "v" corresponding to the B-surface 
position of the head of the recorded data segment related to the frame order number T is given as follows. 

v = {9000z 2 + 1 1 1000z - 57001 - 32(1 800a + 30b + c)} % (2z + 1 9) (24) 

where w • * • % • r • " denotes the remainder in the division of the term preceding by the term following "%". When 
the equation (20) is used in the equation (13), the track order number "u" corresponding to the B-surface position of the 
head of the recorded-daia segment related to the frame order number T is given as follows. 

u = {9000z 2 + 1 1 1000z - 57001 - 32(1 800a + 30b + c) -v}/(2z + 19) (25) 

The equations (24) and (25) are good in the case where the recorded data conforms to the NTSC system. 

When the equation (21) is used in the equation (14), the sector order number "s" corresponding to the A-surface 
position of the head of the recorded data segment related to the frame order number T is given as follows. 



s = {38(1500a + 25b + c) + 3000z(z - 1)} % (2z + 19) 



(26) 



EP0 762 404A1 



where -•••%••■•" denotes the remainder in the division of the term preceding "% n by the term following When 
the equation (21) is used in the equation (15). the track order number T corresponding to the A-surface position of the 
head of the recorded data segment related to the frame order number T is given as follows. 

f t = {38(1500a + 25b + c) + 3000z(z - 1) - s}/(2z + 19) (27) 

The equations (26) and (27) are good in the case where the recorded data conforms to the PAL system. 

When the equation (21) is used in the equation (16), the sector order number V corresponding to the B-surface 
position of the head of the recorded data segment related to the frame order number T is given as follows. 

w 

v = {9000z 2 + 1 1 lOOOz - 57001 - 38(1 500a + 25b + c)} % (2z + 19) (28) 

where *•••%•••" denotes the remainder in the division of the term preceding by the term following When 
the equation (2 1 ) is used in the equation (1 7), the track order number V corresponding to the B-surface position of the 
ts head of tfx* f «co«Jed data segment related to the frame order number T is given as follows. 

u = {9000z 2 -h 111 OOOz - 57001 - 38(1 500a + 25b + c) - v}/(2z +19) (29) 

The equations <C8) and (29) are good in the case where the recorded data conforms to the PAL system. 

co With f c*ot once to F*g. 1 1 , a reproducing apparatus includes optical heads 31 and 32, reproducing units 33 and 34, 
buffer memo** 35 and 36. a combining unit 37, a CPU 40, head drive units 41 and 42, and an input unit 43. The optical 
heads 3 1 a~d 32 are electrically followed by the reproducing units 33 and 34 respectively. The reproducing units 33 and 
34 are touo**o d> tne buffer memories 35 and 36 respectively. The buffer memories 35 and 36 are followed by two input 
sides of the crmr«njng unit 37 respectively. 

25 The hf*i drv*» units 41 and 42 are connected to the optical heads 31 and 32 respectively. The CPU 40 is con- 
nected to the heaa orrve units 41 and 42. The CPU 40 is connected to output sides of the reproducing units 33 and 34. 
In addition the C^U 40 is connected to the input unit 43. 

The rat* <* ponton of the optical head 31 relative to an erasable-type optical disc 10 is controlled by the head drive 
unit 4 1 The r adw* position of the optical head 32 relative to the optical disc 10 is controlled by the head drive unit 42. 

30 The optica* head 31 reads out odd-field data from the A surface of the optical disc 10. The readout odd-field data 
is fed from the aptcal head 31 to the reproducing unit 33. The reproducing unit 33 converts the odd-field data into 
another for *n The data conversion implemented by the reproducing unit 33 is inverse with respect to the data conver- 
sion by the f ecorcmg umt 16 in Fig. 3. The reproducing unit 33 stores the resultant odd-field data into the buffer memory 
35. In addition the reproducing unit 33 informs the CPU 40 of the resultant odd-field data. 

35 The optical head 32 reads out even-field data from the B surface of the optical disc 10. The readout even-field data 
is fed from the optical head 32 to the reproducing unit 34. The reproducing unit 34 converts the even-field data into 
another torn The data conversion implemented by the reproducing unit 34 is inverse with respect to the data conver- 
sion by the r ecorong unit 17 in Fig. 3. The reproducing unit 34 stores the resultant even-field data into the buffer mem- 
ory 36. In adtfhon me reproducing unit 34 informs the CPU 40 of the resultant even-field data. 

40 The comon*ig umt 37 reads out the odd-field data from the buffer memory 35. Simultaneously, the combining unit 
37 reads out the even field data from the buffer memory 36. The combining unit 37 combines the odd-field data and the 
even-fieW cau* to i ecover the original moving-picture data. The combining unit 37 outputs the recovered moving-picture 
data. 

As previous** descrtoed, the zones on the A surface and the zones on the B surface of the optical disc 10 are 
45 grouped mto p*»*i each having an A-surface zone and a B-surface zone opposite to each other. An A-surface zone and 
a B-surface rone n each pair are simultaneously subjected to data reading processes by the optical heads 31 and 32 
respect /<My TV A surface zone is scanned from an inner edge toward an outer edge thereof while the B-surface zone 
is scanned from an outer edge toward an inner edge thereof. Accordingly, the direction of radial movement of the optical 
head 31 is oppocte to the direction of radial movement of the optical head 32. 
so After the tea-rung of a B-surface zone is completed, the optical head 32 is required to jump to a position corre- 
sponding to the outer edge of a next B-surface zone. Such a jump causes a difference in timing between the odd-field 
data stored mo the butter memory 35 and the even-field data stored into the buffer memory 36. The reading of the odd- 
field data and The even-field data from the buffer memories 35 and 36 by the combining unit 37 is designed to compen- 
sate for the timing difference between the odd-field data stored into the buffer memory 35 and the even-field data stored 
55 into the buffer memory 36. 

A search tor a head of a recorded program is implemented by the reproducing apparatus as follows. When a user 
designates a recorded program by operating the input unit 43, the CPU 40 decides a frame order number or absolute 
time which corresponds to the head of the designated program. For example, the reproducing apparatus includes a 
memory storing ^formation of the relation between a frame order number (or absolute time) and a head of each 
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recorded program. The CPU 40 accesses this memory and refers to the information of the relation in deciding the frame 
order number or the absolute time corresponding to the head of the designated program. Then, the CPU 40 calculates 
a zone order number (a zone identification number), a track order number (a track identification number), and a sector 
order number (a sector identification number), which correspond to the head of the designated program, from the 

5 decided frame order number or the decided absolute time. Subsequently, the CPU 40 controls the head drive units 41 
and 42, thereby moving the optical heads 31 and 32 to positions corresponding to the calculated zone order number, 
the calculated track order number, and the calculated sector order number. In this way, the optical heads 31 and 32 are 
moved to positions corresponding to the head of the designated program. 

The CPU 40 includes a combination of an input/output port, a processing section, a RAM, and a ROM. The CPU 

io 40 operates in accordance with a control program stored in the ROM. Fig. 1 2 is a flowchart of a segment of the control 
program for the CPU 40 which relates to a search for a head of a designated recorded program. The control-program 
segment in Fig. 12 is started when the input unit 43 is operated to designate a recorded program. 

As shown in Fig. 12, a step S1 in the control-program segment calculates or decides a frame order number (or 
absolute time) which corresponds to the head of the designated program. A step S2 following the step S1 calculates 

r5 the zone order number, which corresponds to the head of the designated program on each of the A surface and the B 
surface of an erasable-type optical disc 10, from the frame order number (or the absolute time) given by the step S1 . 
The step S2 executes the calculation of the zone order number by referring to the equations (2) and (3). 

A step S3 subsequent to the step S2 calculates the sector order number, which corresponds to the head of the des- 
ignated program on the A surface of the optical disc 10, from the frame order number (or the absolute time) given by 

20 the step S1 and the zone order number given by the step S2. The step S3 executes the calculation of the sector order 
number by referring to the equation (6), (14), (22), or (26). A step S4 following the step S3 calculates the track order 
number, which corresponds to the head of the designated program on the A surface of the optical disc 10, from the 
frame order number (or the absolute time) given by the step S1 , the zone order number given by the step S2, and the 
sector order number given by the step S3. The step S4 executes the calculation of the track order number by referring 

25 to the equation (7), (15), (23), or (27). 

A step S5 subsequent to the step S4 calculates the sector order number, which corresponds to the head of the des- 
ignated program on the B surface of the optical disc 10. from the frame order number (or the absolute time) given by 
the step S1 and the zone order number given by the step S2. The step S5 executes the calculation of the sector order 
number by referring to the equation (12), (16), (24), or (28). A step S6 following the step S5 calculates the track order 

30 number, which corresponds to the head of the designated program on the B surface of the optical disc 10, from the 
frame order number (or the absolute time) given by the step S1 , the zone order number given by the step S2, and the 
sector order number given by the step S5. The step S6 executes the calculation of the track order number by referring 
to the equation (13), (1 7), (25), or (29). 

A step S7 subsequent to the step S6 controls the head drive unit 41 in response to the zone order number given 

35 by the step S2, the sector order number given by the step S3, and the track order number given by the step S4 so that 
the optical head 31 will move to a position corresponding to the head of the designated program on the A surface of the 
optical disc 1 0. The step S7 may use an output signal of the reproducing unit 33 in the control of the head drive unit 41 . 
In this case, the step S7 controls the position of the optical head 31 via the head drive unit 41 so that a currently- 
accessed point on the A surface of the optical disc 10 which is represented by the output signal of the reproducing unit 

40 33 will agree with the designated-program head position corresponding to the zone order number given by the step S2, 
the sector order number given by the step S3, and the track order number given by the step S4. 

A step S8 subsequent to the step S7 controls the head drive unit 42 in response to the zone order number given 
by the step S2, the sector order number given by the step S5, and the track order number given by the step S6 so that 
the optical head 32 will move to a position corresponding to the head of the designated program on the B surface of the 

45 optical disc 10. The step S8 may use an output signal of the reproducing unit 34 in the control of the head drive unit 42. 
In this case, the step S8 controls the position of the optical head 32 via the head drive unit 42 so that a currently- 
accessed point on the B surface of the optical disc 10 which is represented by the output signal of the reproducing unit 
34 will agree with the designated-program head position corresponding to the zone order number given by the step S2, 
the sector order number given by the step S5, and the track order number given by the step S6. Alter the step S8, the 

so program advances to a next step (not shown). 

The control-program segment in Fig. 1 2 may be replaced by a control-program segment in Fig. 1 3. The control-pro- 
gram segment in Fig. 13 will now be described. 

As shown in Fig. 13. a step S1 1 in the control-program segment calculates or decides a frame order number (or 
absolute time) which corresponds to the head of the designated program. A step S1 2 following the step S1 1 calculates 

55 the zone order number, which corresponds to the head of the designated program on each of the A surface and the B 
surface of an erasable-type optical disc 1 0, from the frame order number (or the absolute time) given by the step S1 1 . 
The step S12 executes the calculation of the zone order number by refe ig to the equations (2) and (3). 

A step S13 subsequent to the step S12 calculates the sector order number, which corresponds to the head of the 
designated program on the A surface of the optical disc 10. from the frame order number (or the absolute time) given 
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by the step S1 1 and the zone order number given by the step S12. The step S13 executes the calculation of the sector 
order number by referring to the equation (6), (14), (22), or (26). A step S14 following the step S13 calculates the track 
order number, which corresponds to the head of the designated program on the A surface of the optical disc 10, from 
the frame order number (or the absolute time) given by the step S1 1 , the zone order number given by the step S1 2. and 

5 the sector order number given by the step S13. The step S14 executes the calculation of the track order number by 
referring to the equation (7), (15), (23), or (27). 

A step S15 subsequent to the step S14 calculates the sector order number, which corresponds to the head of the 
designated program on the B surface of the optical disc 10, from the zone order number given by the step S12 and the 
sector order number given by the step S1 3. The step S1 5 executes the calculation of the sector order number by refer- 

10 ring to the equation (1 8). A step S1 6 following the step S 1 5 calculates the track order number, which corresponds to the 
head of the designated program on the B surface of the optical disc 10, from the zone order number given by the step 
Si 2 and the track order number given by the step S1 4. The step S1 6 executes the calculation of the track order number 
by referring to the equation (19). 

A step S1 7 subsequent to the step S1 6 controls the head drive unit 41 in response to the zone order number given 

is by the step S12, the sector order number given by the step S13, and the track order number given by the step S14 so 
that the optical head 31 will move to a position corresponding to the head of the designated program on the A surface 
of the optical disc 1 0. The step S1 7 may use an output signal of the reproducing unit 33 in the control of the head drive 
unit 41. In this case, the step S17 controls the position of the optical head 31 via the head drive unit 41 so that a cur- 
rently-accessed point on the A surface of the optical disc 10 which is represented by the output signal of the reproduc- 

20 ing unit 33 will agree with the designated-program head position corresponding to the zone order number given by the 
step S12, the sector order number given by the step S13, and the track order number given by the step S14. 

A step S1 8 subsequent to the step S1 7 controls the head drive unit 42 in response to the zone order number given 
by the step S12, the sector order number given by the step $15, and the track order number given by the step S16 so 
that the optical head 32 will move to a position corresponding to the head of the designated program on the B surface 

25 of the optical disc 1 0. The step S1 8 may use an output signal of the reproducing unit 34 in the control of the head drive 
unit 42. In this case, the step S18 controls the position of the optical head 32 via the head drive unit 42 so that a cur- 
rently-accessed point on the B surface of the optical disc 1 0 which is represented by the output signal of the reproduc- 
ing unit 34 will agree with the designated-program head position corresponding to the zone order number given by the 
step S12, the sector order number given by the step S15, and the track order number given by the step S16. Alter the 

30 step S18, the program advances to a next step (not shown). 

Claims 

1 . A method of recording information on an erasable-type optical disc having first and second recording surfaces, the 
35 method comprising the steps of: 

dividing first data into second data and third data which are equal in data rate; 

feeding the second data and the third data to first and second recording heads respectively; and 

simultaneously recording the second data and the third data on the first and second recording surfaces of the 

40 optical disc by the first and second recording heads respectively in a zoned constant linear velocity technique 

in which each of the first and second recording surfaces of the optical disc is divided into zones, and the zones 
of the first recording surface and the zones of the second recording surface are grouped into pairs each having 
a zone of the first recording surface and a zone of the second recording surface which are opposite to each 
other, and in which the second data and the third data are simultaneously recorded on zones in a pair respec- 

45 tively while the first and second recording heads are moved in opposite directions respectively. 

2. A method as recited in claim 1 , wherein the second data corresponds to odd fields, and the third data corresponds 
to even fields. 

so 3. A method as recited in claim 1, further comprising the step of adding one out of information of absolute time and 
information of a-frame order number to the second data and the third data before the second data and the third data 
are recorded on the optical disc. 

4. An apparatus for recording information on an erasable-type optical disc having first and second recording surfaces, 
55 the apparatus comprising: 

first means for dividing first data into second data and third data which are equal in data rate; 
first and second recording heads; 

second means for feeding the second data and the third data to the first and second recording heads respec- 
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tively; and 

third means for simultaneously recording the second data and the third data on the first and second recording 
surfaces of the optical disc by the first and second recording heads respectively in a zoned constant linear 
velocity technique in which each of the first and second recording surfaces of the optical disc is divided into 
zones, and the zones of the first recording surface and the zones of the second recording surface are grouped 
into pairs each having a zone of the first recording surface and a zone of the second recording surface which 
are opposite to each other, and in which the second data and the third data are simultaneously recorded on 
zones m a pair respectively while the first and second recording heads are moved in opposite directions 
resoectrvely 

An apparatus as recited in claim 4, wherein the second data corresponds to odd fields, and the third data corre- 
sponds to even fields. 



An apparatus as recited in claim 4, further comprising fourth means for adding one out of information of absolute 
time ana rk* matton of a frame order number to the second data and the third data before the second data and the 
third data art; recorded on the optical disc. 



EP 0 762 404 A1 



FIG. 1 




FIG. 2 




EP 0 762 404 A1 




EP 0 762 404 A1 
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FIG. 8 
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FIG. 10 
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FIG. 12 
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FIG. 13 
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